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Abstract

co3 L i Cf_ W

’w&he ionic composition of cerebral ISF was expipred in 6 unanesthetized
goats at sea level (SL) and again after 5 days at siéplated highvaltitude (HA)
of 4300 m, by measuring net transependymal fluxes of1%§33, Clziand lactate
during ventriculo-cisternal perfusions with lactate-free artificial CSF with
various (ﬁCOg) and (Cl'i: concentration of an ion in cerebral ISF is indicated
by concentration of that ion in the inflowing perfusate, that produces zero

flux. \Ventilatory acclimatization to HA was established (Paco, 41.3 and 34.3

torr at SL and HA, respectively, p<0.001), hyperventilation persisting during

acute hyperoxia (PaQ,>250 torr). Mean cisternal-CSF bH was more alkaline at

HA (7.322 vs. 7.300 at SL, p<0.001). At SL, zero transependymal flux of HCO3
and C1~ occurred when the ventriculo-cisternal system was perfused with fluids
with [HCO3] and [C1-] equgl to those in the goat's own CSF. At HA, C1- flux
again was zero when [Cl1~] in perfusate and in the goat's own CSF wefe equal;
however, for HCO3, zero fiux occurred at HA when [HCO3] in perfusate was signi-
ficantly lower (p<0.001) than in CSF. Mean negative transependymal flux (wash-
out) of lactate was 16 times larger at HA than at SL (-0.147 vs. -0.009 pM/
min; p<0.001).‘LWé conclude that, at SL, [HOOz] and [C17] in CSF were the same
as in cerebral ISF, which is in agreement with previously published findings.
In. goats adapted to HA,;[Cl‘] in cerebral ISF remained equal to [C1-] in CSF,
while [HCOS] in cerebral ISF was demonstrably lower, and [lactate] presumably.
higher, than in CSF. The fluid surrounding the central chemoreceptors appears
to be more acidic in goats acclimatized to HA than at SL, in spite of the alka-

losis in cistemal CSF. This sy contribute to ventilatory acclimatization to

HA.
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INTRODUCTION

Mechanisms responsible for ventilatory adaptation to high altitude (HA)
are still in dispute (14). In 1963, Severinghaus et al (26) attributed the
progressive hyperventilation to correction of the initial CSF alkalosis,
brought about by lowering CSF [HCO3] through active transport of ions across
the blood-brain barrier. This hypothesis, elegant in its simplicity, was
later challenged by Dempsey and his colleagues. They found that CSF pH in
humans (7,8,10) and ponies (19) was distinctly more alkaline after ventilatory
adaptation to HA than at sea level (SL). Similar findings were subsequently
obtained by Bureau and Bouverot in dogs (4) and by Weiskopf et al in humans
(27). Recently, Crawford and Severinghaus (5) reinvestigated the ventilatory
adaptation of humans to HA and concluded that the alkalosis seen in CSF was a
reflection of the response of the peripheral chemoreceptors to hypoxemia, and
of other ventiiatory drives, including those from the central chemoreceptors
responding to [H*] (the latter affected by local CNS tissue PCo,, which can
vary with accompanying changes in local blood flow).

From studies in animals at SL several authors have concluded that the
""central chemoreceptors' are located in the cerebral ISF, at some distance
from the surface of the medulla, and not simply exposed to the cisternal CSF
(3,12,21). It is therefore possible fhat in acclimatization to HA, the medul-
lary chemoreceptors are responding to a [H*] that may not be the same as that
reflected in [HCO3] and Pepy of large-cavity CSF (14). Indeed, Davies (6) re-
cently concluded that, in anesthetized dogs during three hours of hypoxia, the
observed increase in ventilation correlated with increase in [H*], which was
estimated for cerebral ECF at a chemosensitive area assumed to be located at a

certain distance along a gradient of [HCO3] between CSF and blood.




The ionic composition of the cerebral ISF (including [H*]) in animals
at SL has been shown to be the same as that in the large-cavity CSF (9).
However, there is no information on the composition of the cerebral ISF in i
animals acclimatized to HA, The experiments to be described were done to
explore the relationship between the ionic composition of CSF and that of
the cerebral ISF in unanesthetized goats adapted to a simulated altitude of
4300 m. By perfusing the ventriculo-cistemal system with artificial CSF of
variable ionic composition, net transependymal fluxes (9,21) were derived for
Hoos3, C1° and lactate. The results indicate that in goats acclimatized to HA,
[H*] in the fluid surrounding the central chemoreceptors is different from
that seen in the cisternal CSF and appears to be acidotic enough to account

for the hyperventilation observed in the acclimatized animals,
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Methods

1. General

Nylon guide tubes were permanently implanted over the lateral ventricles
and cistemae magnae in 6 goats (mean body weight 40 kg, range 33-48 kg) fol-
lowing the techniques described by Pappenheimer et al (22); the animals were
also provided with skin-denervated carotid loops. Three to six weeks were
allowed for healing and post-operative recovery. Before each experiment, the
cerebral cavities were punctured through the guide tubes using needles of
adjustable length, and a plastic cannula was percutaneously inserted into the
carotid artery, without anesthesia.

Measurements were made of resting ventilation and CO; production while
the goats inhaled room air; an anaerobic sample of cistemal CSF was obtained.
Respiratory measurements were then repeated with inhalation of 100% 0;. Sub-
sequently, the ventriculo-cisternal system of the animals was perfused with
sterile artificial CSF with various ionic compositions while the goats were
breathing room air (see below). All neasurements were made twice, once while
the animals were adapted to normal baromet.ic pressure (50 m above SL), and

again at simulated high altitude, after 5 days' adaptation.

2. Simulated high altitude

A hypobaric chamber with round-the-clock monitoring of pressure, temper-
ature, and composition of air was used. The pressure was kept at 446 torr
(range + S5 torr, corresponding to altitude of 4300 m), temperature at 21 + 1
C, and air flow such that F(pp never exceeded 0.004. Lights were tumed off
at night. The goats moved freely in stalls similar teo those in the regular

animal quarters. They were fed regularly and had free access to water and




salt licks. The animals tolerated the 5-day stay in the chamber without any

signs of discomfort.

3. Respiratory measurements

A latex rubber respiratory mask was snuggly fitted over the gcat's snout.
While wearing the mask, the animals appeared calm as they breathed zir or 0,
through a low-resistance "triple J'" valve having dead space 320 ml (Warren E.
Collins, Inc.). During periods of breathing Op, the inspired gas was supplied
from a Douglas bag. Concentration of (0, in expired gases was measurec with
an LB-2 infrared analyzer (Beckman Instruments, Inc.) or an MGA-110CA rass
spectrometer (Perkin-Elmer Corp.) calibrated with gases analyzed with &z
Scholander apparatus. Volume of expired gas was measured with a Wecge Spiro-
meter (Med-Science Electronics, Inc.). Arterial blood was sampled and ?E and
mixed-expired Pcop, measured after a steady state in gas exchange had besn reach-
ed, as judged by stability of the continuously-monitored mixed-expired ?cop and
PET(0;. ?A was calculated using Enghoff's modification of Bohr's formula for

respiratory dead space.

4. Ventriculo-cisternal perfusions

The technique described by Pappenheimer et al (11,21,22) was applied.
Ventricular inflow was controlled at 1.5 - 2.0 ml/min with a constant-flow in-
fusion pump calibrated for each experimental day. The tip of the cistemal
outflow tubing was kept at the level of the goat's external auditory meztus,
the fluid collected aerobically in glass cylinders; volume was determined by
weighing. Inflow pressures, recorded at the hub of the needle for ventricular
inflow, and continuously monitored, were usually 3-4 cm H,0 higher than the

pressure at the tip of the outflow tubing.




During each experimental day, perfusions were dore ivith three fluids.
One approximated the ionic composition of cisternal fluid >f normal goats
(22); it contained the following constituents (in mW/L}: %a 150, K 2.8, Ca
1.3, Mg 0.8, C1 128, HO3 22, inorganic P 0.5. The other wwo fluids differed
in the concentration of H(0z, being 7-8 mM/L lower or highsr than normal
(about 15 and 28 m\W/L, respectively) with complementary chinges in [Cl].
Sterile solutions were prepared as described by Pappenheirsr et al (11,22).

To avoid precipitation of Ca and Mg carbonates, 5% (U, (balance O7) was bubbled

through the solutions for at least 1 hour before Ca and Mg salts were added.
Osmolarity, measured with a model 2001 osmometer (Precisic: System), was ad-
justed to 300 mOsm/L by adding sterile pyrogen-free water -r 5% NaCl. Approx-
imatelv 1 nanocurie of 3H-inulin, specific activity 160 m ‘urie/g (New England
Nuclear), was added per 1 ml of perfusion fluid. Prior tc infusion, the fluids
were passed through sterile Millipore filters, pore size (.22 um (Millipore
Corp.).

Before collecting fluids for analysis, each of tha tiree different fluids
was perfused through the goat's ventriculo-cistemal syste~ until at least 75
ml of outflow was collected, which is about three times ths volume needed to
establish steady-state distribution of substances when the CSF system of goats
is perfused (11). Outflow fluids were collected for analy:is over 15 to 20
minutes. Most perfusions of a given composition were carriad out twice, with
sampling of arterial blood between the two collection pericls.

Net transependymal fluxes of HCO3, C1° and lactate were calculated using
equations derived by Pappenheimer et al (9,11,21,22):

n=Vi (ci ~cp) - (Vo + Cin) (co - ¢p),




where n = net flux of the ion (uM/min) between the perfusate and the cerebral

&

ISF, :

V' = rate of flow of perfusion fluids (ml/min), ?
!

¢ = concentration of the ion (mM/kg H,0), L

i,0,f,p = subscripts referring respectively to inflow, outflow, freshly formed

CSF and arterial plasma; f taken as equal to p (9),
CIn = clearance of inulin from ventricular system (\"ici - \"Oco)/co (ml/min)

(11).

The flux thus calculated is corrected both for the entry of the ion under con-

sideration via bulk formation of CSF at the choroid plexus, and for exit of the

ion via bulk reabsorption of CSF in arachnoid villi., Therefore, the trans-

ependymal flux of an ion represents the net passive exchange betwsen the ven-

triculo-cisternal perfusate and the cerebral ISF, across the leakr ependyma in

the ventricles and pia-glia on the cerebral surface. Vhen transependymal flux

of an ion is zero, the concentration ¢f that ion in the inflowing perfusate in-

dicates its concentration in the cerebral ISF (9).

5. Analytical techniques

PC02, POz and pH in arterial blood and in CSF were measured at 37 C with
standard PgQ, and PQ, electrodes (Radiometer A/S) and a Severinghaus pH elec-
trode (23), using Radiometer electronics (model PHM 72 MK2). Corrections were
made for body temperature (17,24). Precision buffers (Radiometer) and gases
analyzed with Scholander apparatus for CO; and 0> were used to calibrate the
electrodes. (0, concentration (C(0;) in CSF and in perfusion fluids was meas-
ured with the Natelson Microgasometer (Scientific Industries, Inc.). Samples
of cistemal outflows, collected aerobically, were equilibrated for at least

-

25 minutes in a tonometer at 37 C with gas containing 5.5% CO». Samples were
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subsequently handled anaerobically while being analyzed “or pH ard Cgc,.  Bi-
carbonate concentrations in blood plasma, CSF, and perfusates were calculated
from measured pi and P02, or Cgp, using published balues for pK' and 00 sol-
ubilities (17,24). Chloride in CSF, in perfusion fluids, and in anaerobically
separated blood plasma was determined by potentiometric titration (Aminco-
Cotlove, American Instrument Co.). Lactate was determined in wheole blood, CSF,
and perfusion fluids with an enzymatic technique (Sigma Chemical Co.). Concen-
tration of 3H-inulin in perfusion fluids was measured with a three-chainel
Packard Tricarb hiquid Scintillation Spectrometer, Mocdel 3385 (Packard Instru-
ments Co.). A 0.5 ml sample was mixed with 10 ml of Eeckman Reac--solv GP
solution (Beckman Instruments). Quenching was corrected for by means of an ex-
ternal standard. Efficiency for tritium counting was 60 percent.

vhen calculating transependymal fluxes, concentrations of HCO3 and C17,
determined as m\/L of plasma, were converted to molality (m‘/kg H-0) by dividing
by 0.93 (9). Lactate, determined in mM/L of whole blood, was converted to molality
(mM/kg H,0 in whole blood) by dividing by 0.804 (2). Following Huckabee's recom-
mendations (13) we assumed that lactate was evenly distributed between RBC and
plasma water. In CSF and in the protein-free perfusion fluids, ccacentrations
in mM/L were applied in calculations of fluxes; correcting for molality was deem-

ed insignificant.

6. Statistical analyses

Statistical significance was determined by the Student t-test for paired

samples, or by independent t-test, as applicable. Linear regression analyvsis

was performed with evaluation of parameters of the lines by F-test (1).




Results

1. Respiratory adaptation to simulated high altitude

Table 1 sumarizes respiratory data obtained in the goats at SL and
after 5 days at simulated HA. Mean \"coz did not changs appreciably, Mean
resting f"A, during air breathing, increased with accliratization from a
sea-level value of 2.9 to 3.9 1/min., BTPS (p<0.001); concomitantly, mean
PacQ, decreased from 41.3 to 34.3 torr (p<0.001). The ayperventilation at
HA persisted during acute hyperoxia (PaO; > 250 torr): ':"_-x was higher, and
Pacp; lower, .aftor 5 days at HA, than at SL (4.0 ard 3.1 1/min., BTPS,
p<0.02; 38.5 and 42.6 torr, p<0.02).

Data on arterial blood sampled while the goats were quietly breathing
room air are presentec in Table 2. PaQ;, as expectad, was reduced from its
mean value of 104.4 torr at SL to 42.6 torr after 5 dars at simulated HA
(p<0.001). [HCO3Z] in plasma decreased from the mezn se2-level value of 29.1
mM/L to 23.2 mM/I, (p<0.02). Mean [C17] in plasma increased from 105.9 to
111.5 m\M/1 (p<0.01). Concentration of lactate in whole blood was 0.6 mdM/L
at SL and 1.2 mM/L at HA (a statistically insignificant difference). Thesé
changes in the ionic composition of arterial blood, togzther with the ob-
served decrease in PaCp,, resulted in a small increase in arterial-blood pH

of about 0.01 units at HA which was not statistically significant.

2. Composition of CSF (Table 3)

There was a statistically significant alkalinz shkift in the goats'
cisternal CSF after 5 days at PB ~446 torr: mean pH increased from 7,300
at SL to 7.322 at HA (p<0.001), in spite of a signiZicent increase in CSF

[C1-] and [Lactate], and a decrease in [HCO3]. Thae mean change in CSF
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lllCO_:)] was -3.8 + 0.5 m\/L (#S.E.); this was stoichiormetrically matched by a
mean conbined change in [Cl] + [Lactate] of + 3.6 + 0.4 mM/L. The alkaline
shift in cistemal CSF was thus produced by a marked decrease in Pep,, from

47.2 torr at SL to 38.9 torr at HA (p<0.001).

3. Transependymal fluxes of ions

In 6 goats, complete sets of data needed for computation of transependymal
fluxes for ll(?Og were obtained 25 times at SL and 22 times at HA; for Cl-, 24
times at SL and 17 times at HA. For lactate, data were obtained in only 4
goats, 17 times both at SL and HA. Detailed data are available from tables
deposited with the National Auxiliary Publications Service of ASIS.

Figures 1 and 2 show net transependymal fluxes of HCO3 and Cl- plotted
against the differences in the concentrations of these ions between the various
ventricular inflows and the goat's own CSF (A[ng] and £[Cl-]); if this differ-
ence equals zero, the concentration of the ion in the fluid entering the ven-
tricles is equal to that in the goat's own CSF. Arbitrarily, positive flux
means uptake of the ion from the perfusate into cerebral ISF; negative flux
means washout of the ion from cerebral ISF into the perfusate.

When the concentration of Cl1- or HCOJ in the perfusate exceeded that in
the goat's own CSF, the flux of the ion was positive, i.e. into the brain. The
dashed and full-drawn lines represent le;lst-sc:;.'n'c linear regressions derived
from the data at SL and at HA respectively. Parameters for these regression

lines are given in Table 4. The y-intercepts (a) arve statistically indistin-

guishable from zero for HCOF fluxes at SL, and for (17 fluxes at both SL and

HA. However, for the transependymal flux of HCO3 at HA, this intercept is sig-

nificantly different from zero (p<0.001). Thus, in goats at SL, when the
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concentration of HCO3 or of C17 in the inflowing perfusat: equals that in the
goat's CSF (A[C1-] = 0, A[HCO%] = 0, Figures 1 and 2), trinsependyral flux is
also zero. However, in our goats adapted to HA, there was a significantlyv
positive transcpendymal flux of HCO3 (2.58 + 0,28 yM/min, p<0.001) when A [HCO3!
equalled zero (Figure 1, Table 4). The condition for zerc flux of HCU% was ful-
filled only when (HQOZ] in the inflowing perfusate was significantly (p<0.,001)
lower than [HQU;I in the goat's own (SE; the estimate of the x-intercept is
-0.1 mWL (-4.1 and -3.0 m\WL being the upper 95 and 99% tolerance limits, re-
spectively, for x at y = 0),

All perfusion fluids were prepared free of lactate; therefore, analvsis
of the calculated transependymal fluxes for lactate, analcious to that shown
in Figures 1 and 2 for HCO3 and C17, was not possible. Lactate flux could be
calculated, however, by setting the inflow concentration cjual to zero (see
Methods). The transependymal flux of lactate did not vary syvstematically
while the ventriculo-cisternal system was being perfused with solutions of
various [HQO3] and {C17] at SL or HA.  The mean (#S.E.) of all lactate fluxes
measured at SL was =0.09 + 0,04 y0Wmin which was signiticetly different from
zero (p<0.05); after adaptation to HA the mean transependv-al washout of lactate

(-1.47 + 0.17 yM/min) was significantly larger (p<0.001).
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Discussion

Our data show that ventilatory acclimatization to H\ was establishad in
the goats after § days at Pg ~446 torr, findings analogous to those of Mines
and Sgrensen (16), Lahiri et al (15), and Morrill and Kellogg (18), in this
species. In the arterial blood, hypoxic hypocapnia prevailed, with almost
complete renal compensation of the respiratory alkalosis. In the cisternal
CSF, however, pH was distinctly more alkaline at HA than at SL. This is sini-
lar to findings in ponies (19), dogs (4), and humans either in lumbar (5,7,S,
10,27) or cisternal (27) CSF.

The mean difference (:S.E.) in PCO, between CSF and arterial blood was
reduced from the sea-level value of 6.1 + 0.6 torr to 3.6 + 1.1 at HA (p<0.001).
This does not necessarily indicate an increase in cerebral blocd flow (C3F) at
HA because the blood CO; dissociation curve is steeper at lcwer values of F0,
(5). Crawford and Severinghaus (5) expressed the CSF-to-arterial gradient in
Pco; as a ratio, CSF Pe0,/Pacoz, to circumvent the nonlinearity of the blocd
dissociation curve. They interpreted changes in this ratio to indicate recipro-
cal changes in CBF, assuming that the CSF-to-arterial P(p, ratio rerains propor-
tional to the cerebral venous-to-arterial PQ0, ratio (and that the cerebral (0,
production does not change markedly). In our observations, the mean (3S.E.) valuss
of CSF PQop/Pacp, were 1.149 + 0.018 at SL, and 1.102 + 0.03S after 5 days at Hj,
a change suggesting increase in CBF (statistically insignificant). If the above
assumptions apply to our goats, we would conclude that, in spite of the low Pa((:,
CBF was not lowered after adaptation to HA, and it might cven have increasel sorz-
what, a conclusion similar to the findings in human sojoumners at HA (25), =nd in

rats after 24 hours of hypoxic hypocapnia (20).

The ventriculo-cisternal perfusions with artificial CSF cf variable [.2203]
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and [C17] were perforred to establish the relation tet .ee- the concentrations
of these ions in CSF and in the cerebral ISF, Net transerendymal fluxes,
corrected both for entry of an ion by bulk formation o (SF and for exit of the
ion by bulk absorption of CSF in choroid villi, represant passive exchange
across the leaky ependyma in the ventricles and acress ths pia-glia on the
cerebral surface (9,11,21). When there is a concentration gradient for an

ion between the cerebral ISF and the fluid perfusing t-e large cavities, there
is a measurable transependymal flux; if net flux is ze>o, there is no such con-
centration gradidnt, Therefore, when there is zero trznssmendimal flux, the
concentration of the ion under consideration in the in-lo. perfusate indicates
the concentration of that ion in the cerebral ISF (9).

We found zero net transependymal flux of HCO3 anZ CI= when the ventriculo-
cistemal system of goats at SL was perfused with flui’s }raving concentrations
of these ions equal to those in the goat's own CSF (4[t00z and A[C17] equal to
zero, Figures 1 and 2). Therefore, we conclude that at SL, {HCO3] and [C17] in
CSF were the same as in the cerebral ISF., This is in &greament with previous
findings in goats at SL, either in normal acid-base balanc: or in steady acid-

base disturbances of non-respiratory origin (9). After ac:limatization to HA,

net transependymal flux of Cl- again was zero when [C1~] in the perfusion fluid
equalled that in the CSF of acclimatized goats. Thus, we conclude that in goats
adapted to HA, [C17] in CSF remained equal to [C1-) in cer:bral ISF. In con-
trast, 1ICO3 flux was significantly positive (({lux into the brain tissuc) when
the periusate had the same [HCOO3] as that in the goats own CSF (A[lEO3] = 0,
Figure 1). For a positive net transependymal flux of [103 te occur, a gradient
of [HCO3] had to exist, with a lower concentration in toe ‘rain tissue than in

the perfusate. For zero flux of HCO3 to occur in geats ac:limatized to HA,
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.[HCO3] in the perfusate had to be lower than in CSF sampled from that goat. We
therefore conclude that in goats adapted to HA, [HOO3] in cerebral ISF was dem-
onstrably lower than in CSF. ‘
These findings suggest that in goats' adapted to HA, there exists a steady-
state concentration gradient of [HCO3]}, and not of [C1-], between CSF and
‘ cerebral ISF, across the leaky ependyma and pia glia, with a lower [HC03] in
L cerebral ISF than in CSF. This may be, at least in part, owing to 2 concentra-

tion gradient of lactate going in the opposite'direction. The latter notion is

corroborated by the finding that the mean negative transependymal flux of lactate
(washout of lactate), measured in 4 of our goats, was more than 16 times greater
at HA than at SL.

From animal experiments involving respiratory measurements during ventriculo-
cisternal perfusions with fluids of abnormal ionic composition (3,12,21), it has

been concluded that the ''central chemoreceptors'' are located in the cerebral ISF,

at some distance from the surface of the medulla. In cats, this distance was
estimated by Berndt et al to be 200-400 um (3). In goats with the ven';riculo-
cisternal system perfused with artificial CSF of abnormal [HCO3], the iocation of
the central chemoreceptors was estimated by Pappenheimer et al (21) to be 3/4
along the concentration gradient of HCO3 between the fluic present in cisterna

magna and that ascribed to the cerebral extracellular space. If we apply this

model to our data, then [H(I)g] in the fluid surrounding the central chemoreceptors
in goats acclimatized to HA would be 3/4 the distance along the gradient between
[HCO3] in cisternal CSF.(19.6 mM/L, Table 3) and that assigned to the .cerebral
ISF (19.6 - 6.1 = 13.5 mW/L, Figure 1). Taking the mean CSF Pcoy (Table 3) as
a measure of the prevailing cerebral-tissue PCO;, pH in the fluid surroiunding

. . - the medullary chemoreceptors (pHy) would be equal to 6.13 + log [(0.75 x 13.5
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+ 0,25 x 19.6)/0.031 x 38.9] = 7,23, If a cerebral-ISF [HCO5] correspending

to the upper 95¢ tolerance limit (cisternal [HCO3] minus 4.1 m/L), as pre-
dicted from data in Figure 1 and Table 4, were taken for this estimate of pHy,
the value would be 7.27. Both these estimates give pH values acicotic compar-
ed to SL, where pH in the fluid surrounding the central chemoreceptors should
be equal to that measured in cisternal CSF, 7.30 (Table 3), since at SL, no
gradient for [HCOS] was found between CSF and ISF in the present or previous
(9) experiments.

We conclude that the fluid surrounding the '"central chemoreceptors" is
more acidic in goats acclimatized to HA, than at SL, in spite of the alxalosis
in cisternal CSF. This may contribute to the ventilatory acclimatization of
the animals. This conclusion is similar to that of Davies (6), although it is
derived from a different experimental approach, and is based on less indirect
assumptions. Ou- conclusions are also compatible, at least in part, with those
of Crawford and Severinghaus (5), which state that ventilatory drives other than
those from peripheral chemoreceptors or those ascribed to the effect of [H*] in

bulk CSF are contributing to ventilatory acclimatization to HA.

A
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Figure 1

o
i

Legends to Figures

Net transependymal fluxes of HCOZ in goats adapted to sea level
and to high altitude. Fluxes are plotted against the bicarbonate
concentration difference between the inflowing perfusate, and the
goat's CSF under the two conditions of respiratory adaptation.
The straight lines are least-squares linear regressions; see

Table 4 for paramaters of the regression lines.

Net transependymal fluxes of C1™ in goats adapted to sea level and
high altitude. The plots are analogous to those for HCO3 fluxes

shown in Figure 1.
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